Introduction
Complexity is a term that is today frequently used not only in specialized publications but also in methodologies and standards used to manage information systems and ICT projects. However, this term is rarely clearly defined. Intuitively, we understand the term of complexity as the ICT size, number of features and functions, and the considerable costs of implementing, operating and maintaining the same. From different viewpoints, we can identify specific aspects of ICT complexity: amount of data and information, complex processes, broad business organization structure, unfriendly user interfaces, sophisticated SW and HW -all these surely impact the entire organization, its staff, financial performance but also on one another. It is obvious that a business whose processes and the entire business architecture are complex will require a complex information system (IS) or even multiple information systems.
A good theoretical basis for describing and exploring complexity can be found in the mathematical theory of charts (Diestel, 2010) (Dehmer, 2010) , which can be applied to some IS/ICT models to facilitate their quantification and subsequent comparison and, in some cases, even their simplification. Publications that come closest to the topic of business information system complexity deal with using metrics to measure complexity, such as information flow metrics, (Bansal and Negi, 2008) Halstead's method or functional point analysis (Phukan et al., 2005) , or a simple number of source code lines (Geer, 2009 ). There are also publications dealing with the impacts of complexity on system security and maintainability. Their objective is to adapt the MATra framework to describe certain aspects of complexity (Mason and Cosh, 2008) and/or to point out the negative impacts of complexity on the business (Geer, 2009 ).
The topic of managing information system complexity is discussed, for example, by John Maeda in his book 'The Law of Simplicity', where he defines ten rules of simplicity. (Maeda, 2006) ERP systems are specifically discussed in 'A Metric for ERP Complexity' (Bansal and Negi, 2008) , which counts process inputs and outputs and works with the concepts of internal and external module complexity, applying data flow complexity according to (Kafura and Henry, 1981) . Best practices for simplicity of IS describes the book "Managing Complexity of Information Systems" (Lemberger and Morel, 2013) .
From among Czech authors, we should definitely mention the works of authors Molnár (Molnár, 2001 ), Novotný (Novotný, 2007) , Učeň (Učeň, 2001) and Maryška (Maryška, 2006) , who present specific metrics that can be used to manage business information systems and ICT effectiveness, and Holub (Holub, 2012 (Holub, , 2011 , who defines complexity metrics of specific IS dimensions and causal relations between them.
In present-day methodologies used to manage ICT and information system projects the issue of complexity is rather insufficiently discussed.
Although some of them do mention the risks and costs arising from high complexity, none of them presents a method how to handle or even reduce complexity. The author has prepared a summary overview of the most frequently used methodologies in the following Chyba! Nenalezen zdroj odkazů. From among the methodologies listed here, TOGAF is the one that mentions complexity most often, and it is the only methodology that discusses this topic at least briefly. In its Section 1.2., it mentions a reduced IT infrastructure complexity as a prerequisite for reducing risks and improving return on investment. In Section 5.5.1, it states that a complex architecture is difficult to manage, and then in Section 5.5.4 it recommends splitting it in partial phases in such cases. A benefit of this methodology in respect of complexity can be found in Section 22 where it is stated that there is a risk of greater complexity stemming from the use of the SOA architecture. A new ADM method is presented as a way to develop new architecture, which is described in detail in Sections 18 and 19. The ADM is based on an iterative approach to optimization. It mentions that reducing business architecture complexity is a way to reduce costs; however, there is no method presented how to compare complexity and neither any metrics that could be used to measure business architecture complexity.
IHC Complexity Management Methodology
The objective of the IHC (Identify High Complexity) methodology is to reduce IS complexity or its dimensions at every stage of its lifecycle. As shown in the previous works published by the author (Holub, 2012, n.d.) , it is easier to prevent complexity growth than to eliminate complexity from a system subsequently. One of the examples presented is the impossibility to remove a register entry from a relational database if there are dependent tables using such an entry.
Therefore, the solution is to control all relevant dimensions at every stage of IS development, measure their complexity, identify and eliminate the unnecessary one in every artifact before it becomes an input for the creation and development of another one. The following procedure is also shown on Figure 1 . 1. Select relevant dimensions and their models 2. Create models for all selected dimensions 3. Calculate the complexity 4. Simplify models 5. Calculate the finally complexity
Principles
The IHC methodology recommends to use following principles:
Simplify the requirement Clearly define the objective, clients, outputs and stakeholders and analyze whether they present a potential for simplification. If the assignment contributes to greater system complexity, verify whether it is consistent with the IT strategy and overall business strategy. If not, try to reject the assignment.
Simplify all dimensions; if this cannot be done, do not change them
Identify elements in dimensions that can be removed or replaced with a lower number of other elements or entities. Consider whether complex dimensions need to be changed in a project or whether they can be left unchanged, and focus on those that truly relate to achieving the objective.
Implement only processes with a sufficient degree of maturity
If a process shows a low degree of maturity, which we can establish primarily during its modeling, that is difficult or even impossible in such a case, consider whether you are able to stabilize the process; if not, refuse to implement it or exclude it from the information system until it stabilizes itself. 
Roles
This methodology is designed for all project stakeholders, whose task is to simplify inputs that they deliver to the project. Due to the high number of roles and their variants that are involved in IT projects, for the purpose of this methodology we will group them into three basic groups: Sponsor, Supplier and Operator
Client
The client is an entity that desires to support its processes by an information system. Be it a business that plans to implement a new information system, a department that introduces a new process or an employee who needs to generate an analytical report from an existing system, they always communicate it as a request to the Supplier.
The following key parameters are involved in terms of complexity management:  List of stakeholders  Process model and process inputs and outputs  Maturity of the process that is supposed to support the solution  Required implementation time (time to market)  Expected budget  Required lifetime of solution  Data
Supplier
The Supplier is an entity responsible for implementing and, sometimes, also supporting and maintaining the solution. It can be the IT department of the company, contracted SW provider, system integrator or a project team consisting of external and internal specialists.
The following key parameters are involved in terms of complexity management:  Number of ICT suppliers/providers  Number of information systems  Business process optimization proposal depending on functions of the existing IS  Solution designs  Documentation
Operator
The Operator is an entity that operates and maintains the information system and ensures the security and availability of the system or its part through its service life. The solution provider may also act as the Operator. It can as well be the company's IT department or an external service provider. The following parameters are key from the Operator's viewpoint:  Costs of solution operation  Risks  Costs of changes and remedying faults  Methodologies, documentation  Security constraints
Definition and Calculation of Information System Complexity
In accordance with the MMDIS methodology, in order to describe system complexity, we will assign a UML model to each of its content dimensions, and then we will define system complexity as a sum of the complexities of each UML model of its content dimensions. We select those content dimensions that can be quantified. Therefore, we will specify the content dimension definitions so that they can be modeled using the UML language.
An entity in this methodology is understood as an element or connection. That means a vertex or an edge if we consider the chart as a model analogy. We will use the MMDIS content dimensions (Table  2) , to which we will assign UML models commonly used to model business processes and information systems. (Řepa and Česká společnost pro systémovou integraci., 2006) 
Dimensions and Modeling
To measure information system complexity, we need to select suitable content dimensions and modeling tools, which we then use to create their model. Depending on the information system lifecycle stage and type, some dimensions may be more important and others less important. In this step, we also need to decide whether the metrics used will be the number of elements, number of connections between them or the number of all entities.
In order to measure complexity, we need to set up the metrics parameters as shown in Table 3 . Table 3 -Set up metrics parameters to measure dimension complexity; source: author
Dimension title Complexity
Precisely define the measured dimension
Metrics

Number of links and/or elements
Model
Describe the model or state that it is a simple list of elements
Tool
A tool used to model or establish complexity
Granularity (element)
Describe the element
Granularity (link)
Indicate whether the link orientation is considered
The next, more time-consuming phase is modeling each of the dimensions. The selection of the modeling tool and the relevant methodologies and granularities do not play a role here. It is important to observe this for all systems that we are going to compare. It is also important to verify the consistency of resulting models. (Řepa and Česká společnost pro systémovou integraci., 2006) Preparing models is not purposeless: apart from inputs for complexity calculations, the model serves as a basis for designing an information system solution and, in particular, a suitable model forms a prerequisite to simplifying any dimension.
When measuring system complexity, the first step is to select relevant content dimensions D and the IS lifecycle phase f, using which we wish to measure complexity according to the MMDIS methodology. Let us designate their number as d. For dimension i in phase f we can define complexity Cf(Di) as the number of entities (elements and/or links) of its UML model.
Let us define system complexity C(S) as a sum of the complexities of each of its dimensions C(Di). Thus, complexity C of system S in phase f is the number of entities (elements and/or links) in the models of each of its content dimensions (D) selected in the given phase; d shall be the total number of dimensions considered.
This formula (1) allows us to quantify the complexity of a system or its part, and in practice it can be used to compare various systems or solution alternatives that meet the given requirements, yet there is no objective criterion why one of them should be selected.
At the same time, let us introduce the concepts of accidental (undesirable) and essential (necessary, justified, optimum) complexity.
A system is excessively complex if it contains elements or links that are not necessary for its required functionality.
On the other hand, essential complexity means the minimum possible system configuration that will ensure the required functionality.
Simplification
Models of specific dimensions form the basis for simplification as they do for complexity measurement.
Solution Integration Method
Methods of integrating new information systems, ICT components or new functionalities in the existing architecture can be divided into the following three categories:  Immediate integration  A standalone solution planned to be integrated later on  A standalone temporary solution planned to be discarded after some time From the viewpoint of retaining an integrated and consistent architecture, integration should be the option of choice; however, there may be reasons that do not always allow it. Integration requires cooperation with specialists in the existing system components, which means higher costs of and more time for implementation, testing and commissioning. In larger enterprises, another requirement is the time consistency with the release schedule. If a request for implementation is linked to the budget or schedule, and for these reasons it does not make integration possible, it is necessary to implement a standalone solution. Gartner introduces the concept of 'bimodal IT', which recommends that some requests be implemented directly as standalone solutions depending on the solution nature, as Figure 2 shows. If a decision is made to implement a standalone solution, it needs to be integrated or discarded within a pre-defined period of time. Otherwise, non-integrated solutions will begin to pile up in the enterprise, which will disrupt the overall architecture, increase its complexity, and make the implementation of every subsequent change much harder.
Business Process Complexity
For the purpose of this methodology, we define business process complexity as the number of activities in the process model. Therefore, we start with a process model of a certain granularity that describes the existing business processes. The principles and procedures of process modeling exceed the scope of this article, and there are sufficient tools and literature available on this topic. (Repa and Bruckner, 2015) This methodology does not include instructions how to reduce business process complexity or how to optimize such processes, but it views process complexity as an input parameter when determining information system complexity. Figure 8 shows a model of a sample sales process in a business, created using ARIS Express. Model granularity is of importance here: it is necessary to show every activity that one user performs in one system at a given moment. For our purposes, the concept of user here also includes the system user, i.e., activities performed automatically by the information system. 
Data Architecture
The data dimension has a major influence on information system complexity. When designing a system, we will start with using a process model and identify the main data entities in the enterprise, such as the customer, material, supplier etc., and then we prepare a DFD 1 diagram.(Řepa and Česká společnost pro systémovou integraci., 2006) The DFD diagram shows each of the data storage elements and the data flows between them. The objective is for every entity to have just one storage and for the data flows to be as simple as possible, preferably within a single system and single database. Usually, an information system is not designed as a greenfield project; rather, a business already uses some systems, which will have to be replaced either wholly or partially. In the next step, we therefore need to decide on the position of each of the storage elements between the systems that will be operated in the enterprise during the years to come. According to Principles 1 and 2, we will try to place as many data storage elements as possible in one of the systems and then create a system architecture model or the 'landscape'. We thus use the following models:
In the case of multiple systems and multiple data storage elements for one object, the number of links increases. A typical situation is illustrated by Figure 3 .
According to this methodology, data architecture is the first step in designing an information system. While TOGAF, for example, in its Phase C makes it possible to decide whether application or data architecture is to be designed first, in the IHC methodology the database complexity is the main parameter of complexity; therefore, minimizing the number of data storage elements is its primary objective.
Implementation
When a decision has been made in which system the requested change is to be implemented, the solution is set up and implemented, during which phase the complexity may further grow. This we can prevent by adhering to the following principles:  Every implemented functionality must be essential for the process.  If the process requires more than the existing IS settings allow, we try to simplify the process first.  User and management requirements for extending of organization structures, adding process variants or changing user interfaces need to be rejected, if they lead to adding even a single element in the model.
A great majority of requests made during IS implementation system from ignorance; functionalities are often implemented that the users were used to in the old system. If the data model is designed properly in line with the process model, there is no problem adding possible improvements at any time later on.
IHC Evaluation
To include the aforementioned methodology in the context of the methodologies presently most frequently used, we will use a meta-description of the methodology taken from the publication of A. Buchalcevová called 'Methodologies for Building Information Systems' (Buchalcevová, 2005) , which summarizes its basic properties, as shown in Table 4 . 
Testing the methodology during implementation of SAP ERP
This case study describes two connected projects on which the author acted as solution architect and project manager and in this work applied the described IHC methodology for managing the complexity of the information system. Both projects took place in an exceptionally short time span with very low costs. The first project, which lasted two months, consisted of dividing up manufacturing enterprise A and its information system among two newly created companies B and C with different owners. The second project, which took place half a year later and lasted half a year, was introducing an SAP system at manufacturing enterprise D, which belonged to the same owner that purchased company C. The individual enterprises and their ownership are shown in Figure 4 .
Figure 4 -Division of enterprises among two owners, source: author
Project 1 -Division of an enterprise
Initial conditions
The initial situation was that there was a manufacturing company A with around three hundred employees using SAP ERP as its main enterprise information system with modules MM, SD, WM, QM, FI, CO, WM and HR communicating with other minor systems and client and supplier systems via EDI and other interfaces. The company's manufacturing program was comprised of several different categories of product. This company found itself in insolvency and was sold to two different parties, each of which purchased a part of the enterprise with the aim of continuing in its existing field, each with a different part of the original product spectrum.
Project objective
The project was ordered by the insolvency administrator conducting the sale of the two parts of the enterprise to its new owners, who demanded two new functioning businesses from the supplier -an external consulting firm -by fixed deadlines. This meant separating out the relevant part of the enterprise for each of the new owners: putting all relevant processes, data, assets and employees and above all the necessary IS/ICT into two newly established companies that were to function independently from the given date. Part of the order was that the transition must take place smoothly without any production downtime or impact on clients and suppliers. Another factor that made the situation considerably more difficult was the dates demanded for having the new companies up and running, the first of which was six weeks after the project was awarded and the second four weeks after -in both cases on the first of the month during the weekend, which was to be used so that it would not be necessary to stop production on a work day.
Course of the project
In light of the fact that the author of this article worked on the project as project manager for the supplier and the contracting party did not prescribe any methodology, he used and thoroughly applied the IHC methodology described in this work. The first step was thus selecting the relevant dimensions and metrics therefor, as shown in Table 5 . For each dimension the procedure for measuring it was defined as shown in Table 6 . The first step was clarifying the objectives, defining the organisational structure, drawing up the project plan and assembling the team. The primary limiting factor was the extremely short duration of the project, which meant maximum simplicity of the steps planned, as well as the broad scope of the project, which placed demands on the qualifications of team members and required knowledge not only of all business processes, from purchasing, logistics, manufacture and sales to accounting, controlling and HR management, but also of all modules of SAP ERP and programming, maintenance and administration of all relevant systems and databases. An overview of the required qualifications is shown in Table 67 . Figure 5 -Diagram of stakeholders dimension before simplification, source: author Due to the difficulty of managing such a large team, the necessity of individual interfaces to communicate among modules and the consequent time requirements for communication among the consultants, the first step was to simplify this dimension in accordance with the IHC methodology. This was done by engaging specialists who could each cover multiple competencies and thus reduce the complexity of the STA dimension from 55 to 6, i.e. by more than nine fold. A comparison of the original and resulting complexity is shown by the diagrams in Figure 5 and Figure 6 . The complexity of the procedural dimension could not be measured, as there were no applicable process models and they could not be produced in the given time. This fact contributed to the selection of a solution. The procedural dimension was not addressed at all and the resulting systems were created by copying the existing client into two new clients in the existing SAP system. The complexity of the procedural dimension thus remained the same, but seeing as how no changes were made here, it was possible to not take it into account. The complexity of the data dimension also remained unchanged, as the data objects remained the same, with only their volume reduced -the numbers of master and movement data entries -as each of the new companies received only its own data, with the other company's data removed following the copy. The complexity of the organisational dimension was actually reduced, but in the system this could not be carried out due to its overall complexity, as the master and movement data that could not be de-archived (this was postponed for a later date outside the scope of this project) contained as a key in the database elements of the organisational structure. In order to measure the complexity of the organisational dimension of the original and resulting systems, the IHC_ORG program was used 2 .
Another dimension dealt with was the system interface, as it was necessary to separate it for each of the new enterprises. The model thereof is shown in Figure 7 . 
Use of the methodology and its benefits
The main benefit of the methodology was dividing the problem up into individual dimensions and dealing with them dependent on their complexity. The STA dimension was considerably simplified and the procedural dimension could be excluded from the project due to its high complexity. These two measures were responsible for the project being successful: it fulfilled the task and met the planned timeframe and cost projection. The secondary objective of the project, reducing the complexity of the organisational dimension at least to half, thus simplifying the whole system and reducing future operating costs, was not met. The reason for this was, for one thing, the high complexity of the organisational dimension, as shown by IHC_ORG, and for another the great volume of data of varying quality that had been input in the system during its more than a decade of operation. It was not possible to accomplish this in such a short time and thus this task was detached into a separate project and moved to a later date. The high complexity of the organisational dimension indicated by IHC_ORG gives rise to the suspicion that it will not be possible to simplify it without changing the procedural dimension.
Project 2 -Implementation of SAP
Initial situation
The new owner of enterprise C also became the owner of the original company A's entire IT set-up including the SAP system. At the same time, it is also the owner of existing company D -a manufacturing enterprise in the same region that is comparable in size and nature of production to enterprise C. Its information systems are however outdated, insufficiently integrated and do not provide sufficient support for its current business processes.
Project objective
The aim of the project was to make use of the existing ICT infrastructure of enterprise C, in particular its SAP system, for enterprise D as well, i.e. implementing SAP at enterprise D. System administration would remain the responsibility of the IT department at company C, which would charge company D for IT services. In addition to IT, a future aim is to share other processes as well and have some employees, particularly in purchasing and controlling but from other departments as well, work for both companies at the same time.
A limiting factor was, as in the case of the first project, time, namely the wish of the contracting body to implement the system within three months of assignment so that deployment would take place at the start of the calendar year. This time had to suffice for project preparation, analysis, designing and setting up the whole SAP ERP system (in all modules except HR), testing, data migration and going live. The requirement was for the client settings for company C to be copied to the new client company D, potentially adapting any enterprise D processes to the SAP processes functioning at enterprise C. The owner's demand was literally: "processes are identical".
Since enterprise D was comparable to enterprise C in terms of procedural, data and organisational structure, if the IHC methodology had not been applied and the system had been implemented in the same manner as at company C, the overall complexity of information systems C+D owned by the contracting body would have been doubled. The objective of the project manager was however to reduce this complexity in order to reduce the overall project costs and meet the deadline for taking the system live.
Course of project
The author of this article worked on the project as project manager and solution architect and decided to use the IHC methodology. The first step was selecting the relevant dimensions and minimising their complexity, as shown in Table 8 . As compared to Project 1, the data and procedural dimensions were taken into account. The GUI dimension was addressed only for the custom-programmed screens. The structure of stakeholders could not be reduced to the level of the first project, as the capacity of a key consultant could not be secured and had to be replaced with three others.
( Table 9 ) The resulting complexity was expressed by the number 15. Table 10 shows the same dimensions taken into account in Project 1 and shows that the organisational dimension of enterprise D was markedly reduced, as the overall complexity of both enterprises placed in the shared SAP client C+D grew not by 831, but only by 98, i.e. by 11.8 % compared to enterprise C. In light of the fact that some processes at enterprise D showed an insufficient degree of maturity, in particular displaying varying variability, it was decided in accordance with the IHC methodology that each such process was to be implemented in the simplest possible variant so as to ensure the desired project outcomes were achieved. An example of the process model is shown in Figure 8 . To calculate the data dimension, a list of key data objects was created. This also corresponded to the objects meant for migration from the old systems. Given that both companies have a common owner and some shared clients, suppliers and materials, the variants of shared and separate clients were compared. The list of data objects and repositories thereof are provided in Table 12 -Variants of data dimension complexity by number of clients, source: author. In analysing the data and organisational dimensions, a possibility was found for simplifying them if both companies were integrated into a single client in SAP as two separate company codes and plants. This variant, which did not correspond to the original task but showed lower final complexity, was developed multi-criterially and was shown to provide other benefits as well, including simplification of other dimensions, in particular the procedural dimension. A comparison of the two variants is shown in Figure 9 . In addition to the significantly lower complexity of the shared client variant as shown on Figure 10 , other benefits were also shown: Employees working for both companies would not have to log in to two different clients in SAP. In light of the fact that company D purchases certain products from company C, purchasing department employees at enterprise D would be able to see inventory levels at enterprise C and thus plan better. The costs for system operation and maintenance would also be reduced. The advantages and disadvantages of this variant were presented to the contracting body and the variant was approved for implementation. The immaturity of processes involved in having to guess whether and how they would be supported by the system, the workload of key users due to operations and certain fundamental change requests, such as the requirement for implementing barcode scanners for warehouses and the demand for an application to be customised for the key process of a single department, led to a tense situation in November and after the expected exceptional operative task workload of workers during January and February was announced, a decision was made to suspend the project from 15 December until 15 February and move the launch date back to 1 April.
During testing, the advantage of simplifying the system for company C was shown, with the number of necessary testing cases being reduced and the more streamlined organisational structure facilitating testing and data migration. The shifted deadline was met and thanks to the extraordinary efforts of both internal and external project members the project was launched and, though many issues had to be dealt with in the first week, all were resolved on the fly without impacting clients or partners and from the first day the company placed orders, manufactured, supplied and invoiced in SAP.
Despite the fact that the originally planned deadline for deployment was not met, the project was evaluated as a success, because the extension took only a month of real time and in light of the spectrum of implemented modules this was still a very short period compared to comparable projects.
Conclusions
The main benefit of IHC for the project was a decision to implement the business system in the same client as Enterprise C. This was made on the basis of measuring the complexity of the data and organization dimensions and selecting a variant with a lower complexity.
Thus, due to applying the IHC methodology, the resulting system complexity could be minimized, which manifested in both easier testing and easier creation of core and flow data during the first weeks of operation, simpler user guides and faster localization and correction of errors. A comparison of the organization dimension complexity using the IHC_ORG program showed that, contrary to the expected 100% rise in complexity, the complexity grew by 12% only, as shown in Figure 11 .
Figure 11 -Organization structure complexity of the SAP system in Enterprises C and D; source: Author All that while keeping the required system functionality. Based on this outcome, a decision was made to optimize complexity in Enterprise C as well.
Another result of the simplification was a lower number of tested cases, which contributed to a shorter period of implementation.
